Objective: To determine prognostic factors for the duration and severity of acute symptoms in subjects with grade 1 or 2 whiplash injuries. Methods: Collision victims presenting to a trauma centre with spinal pain or stiffness were assessed clinically (including a visual analogue scale (VAS)), radiologically, and psychologically (short form 36 (SF36), everyday life quality (EDLQ), pain control questionnaire (FSR)). Collision type and estimated DV (change in velocity of the occupant's vehicle) were also assessed. Assessment at six months involved VAS symptom rating, SF36, EDLQ, depression scale (CES-D), and impact of event scale (IES). Results: 43 consecutive collision victims (22 male, 21 female; mean age 29 years (range 19 to 72) with grade 1 or 2 whiplash associated disorders were assessed. Mean DV, available for 36 of 43 collisions, was 13.9 (5 to 30) km/h. Thirty two (74%) of the subjects were available for follow up at six months. The mean duration of symptoms was 28 (1 to 180) days in this group. No correlation was found between severity and duration of symptoms and the DV of collision or other collision parameters. Patients with initial pain VAS .5 or with duration of symptoms more than 28 days had significant changes in SF36, EDLQ, CES-D, and IES scores at six months, and had initial scores that were predictive of these outcomes. Conclusions: Psychological factors were found to be more relevant than collision severity in predicting the duration and severity of symptoms in collision victims with grade 1 or 2 whiplash associated disorders.
R ecent debate about chronic whiplash has focused on the significance of cultural factors and the role of psychosocial factors within a given culture. [1] [2] [3] [4] A recent study, for example, identified how the compensation system is an important factor in outcome. 5 Not surprisingly, many countries have a high percentage of collision victims still reporting pain six weeks after the collision. [4] [5] [6] Studies with fewer confounding variables have been conducted in Lithuania 7 8 and Greece. 9 10 Germany, however, provides an even more useful opportunity to study the phenomenon of acute and chronic pain in whiplash victims. There is considerable attention to and litigation for acute injury in Germany, yet our research experience suggests that late whiplash syndrome is notably uncommon in this country. 11 12 It may be that chronic pain after whiplash injury is as common in Germany as it is in many Western countries, but our clinical experience in primary care centres (rather than tertiary care referral centres, which may concentrate rare conditions) offers no evidence of this.
Our aim in this prospective study was to conduct a clinical, psychological, and technical assessment of whiplash victims and the collisions they suffered to determine the prognostic factors. All collision victims are covered by insurance in Germany, and this, together with the state health insurance, ensures that their medical expenses are paid and that they receive additional funding for any injuries that cause impairment. In addition, there is the possibility of litigation for compensation for impairment and pain and suffering.
METHODS
Subjects were recruited over a six month period from February 1999, after presentation to the Hannover trauma centre. They underwent evaluation at presentation and after six months. The area served by the hospital has approximately 300 whiplash injuries a year, about 150 coming to the Hannover Medical School hospital emergency department. There was no funding for the study from an insurance company; funding was obtained through the state of Lower Saxony.
Inclusion/exclusion criteria Whiplash type neck distortion was defined as a soft tissue injury of the neck following a vehicle collision. 13 Subjects also met criteria for the Quebec Task Force grade 1 or 2 whiplash  associated disorder. 14 Fractures were excluded by x ray, and ligamentous instabilities by lateral extension/flexion views. Subjects with multiple trauma beyond soft tissue injuries (that is, fractures), loss of consciousness, or with pre-existing neurological or psychiatric diseases were excluded. Those with back pain were not excluded.
Initial assessment
A registration sheet was filled out by an emergency physician. This including the following information: imaginable pain/stiffness''; time of onset and severity (VAS) of neck restriction; presence of vertigo, nausea, dysphagia, auditory and/or visual disturbance. [15] [16] [17] N Collision mechanism. Determined by the accident research unit of the trauma department of Innsbruck University under supervision of the technical author (DO). Change in vehicle velocity (DV) at the time of the accident was estimated using a validated technique. 18 
Follow up
Only patients with a complete initial assessment (that is, including collision analysis) were considered for follow up. Six months after collision, subjects were mailed a cover letter, a packet of survey instruments, and a return envelope. Patients who failed to return the papers within seven days received a second mailing. If there was still no response, they were contacted by telephone. Those not completing the survey after phone contact, or who could not be reached within one month of the six months follow up date were considered lost to follow up.
The follow up survey contained the following: 
16-18
We did not include the FSR in the follow up, as our previous experience indicated that a large load of questions overwhelms the participants. We had other measures of pain at follow up, and we wished to include global measures of symptoms and health, so we did not require a follow up FSR.
Data analysis
We used t tests, Pearson's test, Spearman rank test, x 2 tests, linear trend, or Kruskal-Wallis tests, as needed. Prognostic factors for the duration and severity of symptoms were determined in a decision tree analysis with CART TM (classification and regression trees). 19 The psychometric categories for each instrument are as follows:
SF36: SF36PF, physical functioning; SF36RP, role physical; SF36BP, bodily pain; SF36GH, general health perception; SF36VT, vitality; SF36SF, social function; SF36RE, role emotional; SF36MH, mental health.
FSR: FSRSK1, capability; FSRSK2, pain intensity; FSRSK3, anxiety; FSRSK4, extent of depression; FSRSK5, avoidance; FSRSK6, resignation; FSRSK7, deflection.
IES: IESR1, intrusion; IESR2, avoidance; IESR3, arousal.
EDLQ: ALLTAG1, body; ALLTAG2, psyche; ALLTAG3, everyday life; ALLTAG4, social life; ALLTAG5, soulfulness; ALLTAG6, medical attendance.
RESULTS

Demographic variables
Of 73 consecutive collision victims, 30 were excluded (10 with loss of consciousness, with AIS grade 3 or 4 injuries; six with pre-existing significant neurological/psychiatric disease, nine with fractures, and five with x ray evidence of ligamentous instability). Thus 43 collision victims were eligible for the study, and 32 of these were followed up at six months. Mean time of presentation for the 43 subjects was 97 minutes after the collision (range 30 minutes to 23 hours), and mean age was 28.9 years (range 19 to 72). Twenty two patients (51%) were male and 21 (49%) female. Twenty seven (63%) were drivers, 10 (23%) were front passengers, and six (14%) were rear passengers. In seven cases (16%) an airbag was present at the seating position of the injured person and was deployed in one case. Sixteen (37%) of the collisions were rear end, 12 (28%) were frontal, four (9%) lateral, one (2%) roll over, and 10 (23%) were multiple collisions. The subjects recruited for follow up did not differ with those lost to follow up with respect to age, sex, collision type, incidence, onset, and severity and duration of symptoms or initial psychological scores (SF36, EDLQ, FSR).
Initial clinical, radiological, and DV findings Table 1 shows the prevalence, type, location, time of onset, and severity of the initial symptoms (n = 43).
Pain on pressure was found in the upper neck region in 13 (30%) of cases, in the lower neck region in 19 (44%), and over the cervical spinous processes and the occipital region in 11 (25%). Neck pain was reported with axial compression of the spine in eight cases (19%). Neurological deficits were detected in four cases (9%), and were deemed by a neurologist to be the result of transitory hyposensitivity in the upper extremities in each case.
The mean passive range of motion of the cervical spine was as follows: extension 34.4˚(range 10˚to 60˚); flexion 49.8( range 15˚to 80˚); right lateral rotation 63.1˚(range 30˚to 90˚); left lateral rotation 61.9˚(range 30˚to 90˚); right flexion 34.4˚(range 20˚to 60˚); and left flexion 34.4˚(range 15˚to 60˚).
The x rays were normal in 31 cases (72%). In the remainder, the abnormalities detected were as follows: straightening of the cervical lordosis in six (14%), degenerative changes in three (7%), and both straightening of the cervical lordosis and degenerative changes in three (7%). No computed tomography or magnetic resonance imaging studies were done.
The mean DV for the collisions involving 36 of the 43 subjects was 13.9 km/h (range 5 to 30) (equivalent to 8.6 mph). DV did not correlate with time of onset or the severity of the initial symptoms (Pearson's test, p.0.05).
Therapy Non-steroidal anti-inflammatory drugs were initially prescribed for 14 of the subjects (33%). A hard cervical collar was used by eight patients with severe neck pain (18.6%). Patients tend to use hard collars infrequently and for short periods because they are uncomfortable and very restrictive; however it is locally believed they help in the first few days if there is severe neck pain. We discouraged the use of a soft collar. Such collars are comfortable and so are often worn for long periods, which is known to be detrimental to outcome. 12 All patients were treated as outpatients, with no other therapy reported.
Initial psychological results
Compared with reference values, 15-17 20 the scores on initial psychological assessment (SF36, FSR, EDLQ) were normal in all subjects with mild or moderate symptom severity. For SF36, FSR, and EDLQ, subjects with more severe initial symptoms (VAS scores >4.5) were more likely to have test scores outside the normal range than those who rated their initial symptoms as less severe (table 2) .
Six month follow up
Thirty two patients returned all the instruments. This group did not differ from the whole group available for follow up (n = 36) in terms of age, sex, type of collision, prevalence, time of onset, psychological scores, or severity and duration of symptoms. Twenty one of the subjects (66%) who completed disability instruments had no current disturbances in their daily life. One subject (3%) felt impaired during work. Four subjects (13%) felt an impairment during leisure, and six (19%) during both work and leisure. All patients had returned to work at follow up. Twenty three patients (72%) had no incapacity for work at all, three (9%) had incapacity for one week, four (13%) for two weeks, and one (3%) each for four or 10 weeks. Two patients (6%) were still under medical treatment at six months. Sixteen (50%) obtained medical care only during the initial assessment in our emergency department on day 1. Five (16%) were medically treated for one week, one (3%) for two weeks, five (16%) for four weeks, two (6%) for six weeks, and one (3%) for 10 weeks. Nineteen subjects (59%) stated that they had not claimed damages (entered litigation) or received any compensation; three (9%) had not entered litigation but nevertheless had received compensation (without legal representation); and 10 (31%) had entered litigation and had received payment. One subject (8%) received the payments from his own collision insurance, and the remaining 12 (92%) from the liability insurance of the other driver.
Outcomes did not differ between litigants and non-litigants, but the samples were small in this regard. (The study by Cassidy et al 5 is the most powerful and impeccable study to date to address this issue; it was not the purpose of our study to address it.) Table 3 shows the prevalence, severity (VAS), and duration (days) of the symptoms as recalled at six months. Table 4 shows the degree of limitations (VAS) in daily activities caused by spinal pain. The mean severity (VAS) of all symptoms was 3.8 (range 0.5 to 7.8), and the mean duration was 28 days (range 1 to 180). In six subjects (19%) the symptoms persisted for one day or less, in 14 (44%) for less than one week, in six (19%) for one to four weeks, and in six (19%) for more than four weeks. The average degree of limitation in daily life (VAS) at follow up at six months was 1.9 (range 0.3 to 5.6). As with the initial assessment, DV did not correlate with the severity of the symptoms at six months, and no correlation was found between DV and the duration of symptoms (Spearman's test, p.0.05) . The psychological scores for IES and CES-D in patients with a longer duration of symptoms (.7 days) or more severe symptoms (VAS .4.5) were outside the normal range, whereas for the remainder of the sample the scores were normal at follow up.
Predictive factors for more severe (VAS .4.5) and longer duration (.7 days) of symptoms in the decision tree analysis with CART TM (classification and regression trees) were limited to initial psychological measurements. There was no predictive value for age, sex, clinical or radiological findings, or collision parameters. The findings and scores of the initial psychological assessment allowed the subjects to be separated into two groups in terms of the initial severity of symptoms (group I, VAS (4.5; group II, VAS .4.5) (see fig 1) . The initial psychological assessment also allowed the subjects to be separated into two groups on the basis of the duration of their symptoms (group I, (7 days; group II, .7 days).
DISCUSSION
Our study suggests that SF-36 test scores in the initial assessment in the categories ''role physical,'' ''bodily pain,'' ''vitality,'' ''social function,'' ''role emotional,'' ''avoidance,'' ''pain intensity,'' and ''everyday life'' are prognostic factors predicting patients whose pain is of longer duration and greater severity. In general, greater initial anxiety is also a negative prognostic factor. At the same time, none of the anthropometric, clinical, radiological, or technical factors was predictive.
There are limitations to our study. Only 32 (74%) of 43 eligible subjects entered and completed the study to follow up at six months. The initial symptoms, however, and their severity, is typical of whiplash patients in other studies. [4] [5] [6] [7] [8] [9] [10] [11] Further, non-responders did not differ from responders in terms of age, sex, type of collision, prevalence, time of onset, psychological scores, or severity and duration of symptoms. Thus it cannot be argued on the basis of the available data that the non-responders were any more likely to have a different outcome. Although there was a lower prevalence of degenerative changes on x ray in our sample, numerous studies have shown that such changes are irrelevant to Outcome of whiplash associated disorders 761
www.jnnp.com group.bmj.com on July 6, 2017 -Published by http://jnnp.bmj.com/ Downloaded from symptoms or outcome, a topic discussed in detail elsewhere. 4 The possibility of missing a correlation between the extent or duration of complaints and age, sex, clinical or radiological findings, or technical parameters (DV, type of collision) is obviously greater than for studies with larger samples. Indeed, the high significance of the psychological responses as prognostic factors, despite the small sample size, suggests that the effect of psychological factors is substantial, and it is only factors with less influence that will be detected with larger sample sizes.
Collision victims in this region attend the emergency department as it is available at times when the general practitioner's office is closed. We excluded patients who have typically been excluded in other studies, and thus our study sample is representative of other studies of whiplash patients. Our study was of consecutive patients, and even if one assumes the worst about those lost to follow up (that is, that they all had chronic pain at six months), the theoretical (and very unlikely) 25% prevalence of chronic pain is still only half that found in similarly selected populations in North America. Alternatively, if one compares this study to one recently completed in Canada with the same inclusion criteria and the same rate of follow up, we see that the Canadian subjects have a prevalence of chronic pain that is five times higher than in our study. 5 6 Although we used questionnaires, the same method used recently in Canada again shows a markedly different outcome, indicating either that there is a true difference across cultures when using similar methodology, or that one must discount questionnaire follow up in both cases. We have no evidence that questionnaire follow up fails to detect chronicity. Our subjects all returned to work, which is in agreement with a previous study from Germany, 11 thus suggesting that-at least for those attending trauma departments-our subjects are representative.
One should not assume that any subjects with chronic symptoms have necessarily suffered these as a result of the collision injury. We did not include a control population in our study, and this is critical for determining chronic effects of a collision, because musculoskeletal problems are very common in the general population of uninjured subjects. There are various independent risk factors for future neck pain besides a history of injury, and these risk factors will be present in whiplash patients. They include the number of children, poor health on self assessment, poor psychological status, and a past history of low back pain. 21 22 The importance of such additional risk factors was also shown in a landmark prospective Lithuanian study, where an age and sex matched healthy control group had the same prevalence of symptoms as a collision victim group at one year after the accident. 8 It is possible that individuals of a certain psychological profile are more likely to have bodily symptoms in daily life, or are more likely to amplify such symptoms. They may also be more likely to seek a cause for their symptoms (and arbitrarily choose a collision six months previously). Yet minor symptoms are a part of daily life, and it can be seen from table 4 that the VAS scores indicated that the symptoms were on average minor in severity or frequency. The symptom prevalence in our subject population is consistent with comparative data from a German general population study. 23 If biomechanical factors are relevant to chronic whiplash, then one is obligated to explain how Lithuanian, Greek, and German collision victims, for example, escape the influences of such factors, having an excellent outcome regardless of type of vehicle, amount of damage, restraint use, and presumably a variety of occupant postures and positions in the vehicle. [7] [8] [9] [10] [11] In the current study, the extensive experience of the accident research unit allowed us to estimate DV on the basis of an inspection of the vehicles alone. The distribution of the type of collision and DV within the present study did not differ from an earlier retrospective study of 1176 collision victims. 24 Seat belts are used by more than 80% of individuals in the geographical area investigated, 24 25 and all the subjects in our study were wearing them.
Despite increasing collision severity, the injury severity in vehicle occupants has decreased in the last 25 years. [26] [27] [28] In contrast, the incidence of whiplash associated disorders has increased. 29 These disorders also seem to follow low velocity collisions on many occasions. 30 In the current study, DV did not correlate with time of onset or the severity of the initial symptoms (Pearson test, p.0.05). Initial symptoms and their duration cannot, therefore, be readily predicted by collision factors. We suggest that within a given culture, psychosocial factors are an important predictor of outcome. In particular, whiplash patients with more emotional disturbance initially have a worse prognosis. Put simply, culture rather than crash is the chief determinant of chronic pain after an acute whiplash injury.
